Nonspecific spontaneous spinal epidural abscesses and spondylodiscitis are rare clinical conditions.
laboratory data were analyzed for all patients. Neurological and neuroimaging outcome was assessed at routine intervals, with follow-up visits at 3, 6, 12, and 24 months. Thus, individual follow-up duration ranged from 6 to 24 months. Additionally, all patients were required to answer a structured medical questionnaire (intensity of pain, social and economic situation, activities of daily living).
Patients with a complete or rapidly progressing neurological deficit underwent immediate surgery. In patients with minor or no deficits or a stable neurological condition, surgery was delayed. These patients were treated with immobilization and intravenous antibiotic drugs for up to 3 days before surgery. Surgical procedures included ventral, dorsal, and combined approaches in one-or twostage operations. Antibiotic treatment included the use of intravenous broad-spectrum drugs for at least 10 days, followed by oral antibiotics for 3 months (therapy was eventually continued if inflammation-specific laboratory values [CRP, serum leukocytes, ESR] were still not within the normal range). After hospital discharge, all patients were sent to a specialized rehabilitation facility.
RESULTS

Clinical Presentation
Clinical data are summarized in Table 1 . None of the 24 patients was free of abnormalities on neurological/laboratory tests. On admission to our department, five patients presented with a complete transversal syndrome (in four of them it had developed within 12 hours before admission; in one patient the deficit had been complete for several days). Another five patients presented with incomplete and progressing para-or tetraparesis (they were unable to walk); three had only minor deficits (radicular); and 11 were neurologically intact.
At least one episode of neck or back pain before admission was reported by all patients, and radicular pain was noted by nine of them. A history of increased temperature (Ͼ 37˚C) was observed in only nine patients (six of whom had septicemia). Laboratory signs included elevation of CRP, white blood cell count, and ESR in all cases. In most patients laboratory changes were marked by CRP values greater than 40 mg/L as well as an ESR greater than 60 mm/hour in 20 patients.
Location of Infection
Although the majority of patients (21 cases) had pyogenic spondylitis at only one VB, there were two patients with bisegmental and one with multisegmental infections. Infections were equally distributed at the thoracic and lumbar spine (10 cases each), and cervical infections were rare (four cases). In 15 cases spondylitis was combined with epidural abscesses. In 12 patients these abscesses were circumscribed at the level of the VB involved, whereas in three patients large epidural abscesses (in up to eight segments) required surgical treatment. All abscesses were located ventrally to the spinal cord.
Predisposing Factors
The main predisposing factor was diabetes (14 cases); in four patients this was combined with chronic renal failure. Other risk factors included chronic alcoholism (nine cases, four with additional liver cirrhosis), cancer (four), rheumatoid arthritis (one), and others. Nine patients were heavy smokers and another seven had a body mass index greater than 30 kg/m 2 . Predisposing factors were lacking in only four patients.
Presumed Source of Infection
In spite of a careful diagnostic workup (ear, nose, and throat examination including x-ray films of paranasal sinus, echocardiography, and dental examination in four cases) the source of the spinal infection could be presumed in only nine patients (dental origin in four cases, pneumonia in three, septicemia in two). Before or after the spinal procedure, additional operations (for example, tooth extraction) were also performed in these cases.
Causative Organisms
As shown in Table 2 , cultures from intraoperative specimens (bone, disc, and abscess material) were obtained in all cases. In 10 patients bacterial cultures were negative, in another 10 only one causative organism could be identified, and four patients had mixed infections with as many as three different bacteria. The causative organism in one third of our patients was Staphylococcus aureus, and three patients presented with anaerobic infections.
Surgical Treatment
All patients were treated surgically. The only indication for immediate surgery (that is, directly after establishing the diagnosis of a spinal infection) was a complete or rapidly progressing neurological deficit, which we found in seven patients. In the remaining 17 cases we tried to obtain at least minimal control of the infection by treating it with antibiotic medications before the planned operation, which was scheduled 3 to 5 days after the patient's admission to our department. Unfortunately, two of these 17 patients suffered neurological deterioration during the clinical course and subsequently underwent operation earlier than planned. All patients were initially treated with intravenous antibiotic drugs, which included a combination of dicloxacillin, clindamycin, and gentamicin. The antibiotic therapy was adjusted according to the results of microbiological cultures of blood and intraoperative smears. Intravenous antibiotic medications were continued for at least 10 days or until clinical improvement was noted. After clinical improvement was achieved, all patients received oral antibiotic drugs (clindamycin alone or combined with others) for at least 3 months postoperatively. Long-term antibiotic therapy was discontinued after complete normalization of laboratory parameters. The aims of our surgical treatment were as follows: decompression of the spinal cord; debridement of the affected VB with removal of all necrotic bone tissue; evacuation of abscess formation if present; and realignment of the deformed spinal column by transpedicular/ intracorporal spondylodesis. Because of the different clinical and radiological presentations of the patients, surgery was adjusted according to the individual case. We performed four ventral procedures in the cervical spine. Procedures in the thoracic and lumbar spine included two ventral, four dorsal, and 14 combined approaches (Table  3) . If possible, all patients were immediately mobilized after definite stabilization of the spine had been obtained.
Postoperative Outcome
As shown in Table 4 , the hospital stay ranged from 12 to 72 days (mean 33 days). Four patients presenting with initial para-or tetraplegia either died as a result of their infection (two patients) or their condition remained unchanged (two patients). Of the remaining 20 patients, five were mostly dependent, but were able to walk with the help of a crutch. The other 15 patients had only minor or no handicaps and were independent. Only one patient, in whom cervical abscess formation was found and who presented with complete tetraplegia on admission, was able to return to work after treatment for the disease. Transient neurological deterioration was observed in three patients during their hospital stay (one postoperatively, two during the initial conservative treatment). Permanent disability due to neurological worsening was observed in one patient during the initial antibiotic therapy.
Complications of Therapy
Surprisingly, there were only minor complications that could be attributed to surgical therapy (Table 5 ). Major complications were only observed as side effects of longterm antibiotic therapy (for example, colitis, renal failure, allergic reactions). Four patients had deep wound infections at the surgical site (two of them had to undergo repeated operation for wound debridement) but they did not require removal of the implanted material for spondylodesis. Further complications of the underlying disease included decubitus ulcers, fungal infections, and pulmonary and urinary tract infections; these were only transient. Despite their severe clinical condition on admission and numerous underlying risk factors, no patient died as a result of the procedure. Nevertheless, two patients died of their underlying disease (that is, severe septicemia developed in one and multiorgan failure in the other).
ILLUSTRATIVE CASES
Case 1
This 51-year-old woman presented with a 7-day history of neck and radicular pain. Two days before admission she noted difficulty walking and weakness of the legs. On the day of admission, progressive weakness of the legs developed within hours. On admission to the Department of Neurology she presented with a paraplegia (0/5) of the legs, and a paraparesis (4/5) of both arms. 29 Her upper sensory level was T-9. Her body temperature was 38˚C, leukocyte count was 21,600 cells/mm ing from approximately C-2 to T-2 and a spondylodiscitis at the C3/4 level (Fig. 1A) . Emergency surgery was performed as a ventral discectomy at C3/4 and C6/7, and we found epidural liquid pus at both levels (Fig. 1B) . We performed a ventral single fusion with placement of a carbon cage and a ventral plate. Intraoperative smears were positive for S. aureus. Postoperatively, the patient underwent a 10-day regimen of intravenous antibiotic drugs (clindamycin, ceftriaxone, gentamicin) and 12 weeks of oral antibiotic medications (clindamycin). At 1 year postsurgery she was neurologically intact and had worked since 8 months after surgery in her former job as a secretary. Follow-up MR images and plain x-ray films (Fig. 1C and D) demonstrated good results.
Case 2
This 51-year-old man was admitted to the hospital with an 8-week history of persistent fever and back pain. His workup revealed a history of chronic alcoholism and liver cirrhosis as a risk factor. His body temperature at admission was 38.7˚C. His neurological examination showed a complete paraplegia (which had developed after a lumbar puncture at another hospital) with the upper level at L-2. Laboratory results revealed an ESR of 10 9 mm/hour, a white blood cell count of 19,700 cells/mm 3 , and a CRP value of 215 mg/L. Admission x-ray films, MR images, and CT scans were obtained ( Fig. 2A-C) and revealed findings consistent with spondylodiscitis at L2/3 and epidural scar formation.
Initially the patient received intravenous antibiotic medications for 5 days (ciprofloxacin, dicloxacillin, and clindamycin) and additional steroid drugs. After continuous neurological improvement, he underwent surgery. To correct the severe deformity we performed a one-stage ventrodorsal spondylosyndesis (L2-4). As demonstrated on x-ray films obtained 1 year postoperatively (Fig. 2D and E), this operation yielded good results. Ten days postsurgery the patient was transferred to a rehabilitation unit. At Week 12 he was independent, able to walk short distances without assistance, and had complete bladder control.
DISCUSSION
Acute pyogenic nonspecific spondylodiscitis is a disease that mainly affects the older population 2, 18 or patients with known risk factors. [1] [2] [3] 5, 10, 18, 19, 21, 30 This was also true for our patients, most of whom presented with at least one risk factor, such as diabetes mellitus (58%) or chronic alcohol or nicotine abuse (38%). Additionally, 30% of our patients were overweight, with a body mass index of more than 30 kg/m 2 . The typical patient with acute spondylodiscitis presents with acute pain at the site of the infection, combined with fever. Low-back pain (63%) or sciatica (37%) were also common symptoms in our patients and have been reported in the literature. 10, 19 Although a history of recent febrile episodes was present in all patients, only two thirds of them actually had an elevated body temperature (Ͼ 37˚C) on admission. Laboratory examinations specific for infections showed abnormal values in all of our patients (ESR, CRP, white blood cell count). This was not always the case in earlier studies. 3, 5 According to our study and to most other authors, diagnosis of spondylodiscitis is often delayed. 1, 11 Thus the infection spreads, leading to epidural abscess formation and compromising the spinal cord, with subsequent neurological deterioration. Additional epidural abscesses were present in 15 of our patients, causing neurological deficits in 13 of them, with complete tetra-or paraplegia in five cases. The frequency of neurological deficits on admission varies, 1, 12, 19, 21 but may be as high as 60%. 26 The major diagnostic tool in our study was MR imag-S. Mann, et al. ing in all patients, and this modality has proven to be the diagnostic tool of choice. 7, 10, 11, 23 It has been reported that MR imaging is as sensitive, specific, and accurate as the combination of CT scanning with nuclear medicine studies. 30 In acute spondylodiscitis the classic findings on T 1 -weighted MR images are low-signal areas of the VB and destruction of the cortical margins of the VB. A high signal in affected areas of the VB and the adjacent discs is typical on T 2 -weighted MR images. The use of intravenously administered contrast materials is mandatory and pathognomonic in acute inflammatory episodes, and it is of special diagnostic value if additional epidural abscesses are suspected. 27 Contrast enhancement may persist for several weeks or months.
Spondylodiscitis may be specific or nonspecific. The incidence of specific infections such as tuberculosis is highly dependent, however, on the status of development in the individual country. In our region (northeast Germany) we have only encountered two cases of spinal tuberculosis (which were not included in the present material) during our study.
The least-invasive method available to obtain a bacteriological diagnosis is the blood culture. These, however, are positive in only 35% of cases. 6, 13, 22 Although some authors favor needle biopsy sampling of the affected vertebrae to establish the diagnosis 11, 24 we rarely perform such procedures. In the largest study so far, six needle biopsy procedures led to identification of the causative organism in only 53% of cases. Needle biopsy sampling followed by conservative treatment may be an option in early cases of spinal infection. 19 Because most of our patients presented with late infections, neurological compromise, spinal deformity, and epidural abscess formation, direct surgical treatment was the favored approach, with bacterial smears obtained during the procedure.
Tissue cultures were obtained in all patients, and from these cultures bacterial isolates were identified in 14 of 24 patients. This low rate may be the result of preoperative antibiotic therapy or inadequate culture treatment and long transportation time interfering with growth of anaerobic bacteria.
The most commonly isolated organism in our study was
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Nonspecific pyogenic spondylodiscitis S. aureus, which was found in 30% of our patients. This coincides with the current literature, in which S. aureus accounts for 42 to 84% of all spinal infections, 12, 16, 24, 26 followed by Gram-negative organisms and anaerobic bacteria. 19 Surgeons are generally reluctant to implant foreign material in infected parts of the body. Thus, there are only limited studies in which instrumentation is used to treat spinal infections. With improved surgical techniques, the use of new broad-spectrum antibiotic medications, and the development of better materials for spondylodesis, numerous authors nowadays favor a primary surgical approach to treat spinal infections. 4, 8, 14, 15, 17, 20, 25, 28 The main advantage of the surgical approach is that it addresses all aspects of the disease: debridement of the infected tissue; identification of the causative organism, enabling specific antibiotic therapy; correction of the eventually deformed spine; and decompression of the spinal cord. Surgical treatment also allows immediate mobilization, thus avoiding the side effects of long-term bed rest, such as deep venous thrombosis.
Whether an anterior or a posterior approach should be used is still a matter of discussion. 8, 9, 12, 14 It is our belief that general statements on whether either of these approaches is superior cannot be made: surgery for spinal infections has to be performed on an individual basis. In our opinion, the question in such cases is this: which surgical approach is the best for addressing all aspects mentioned earlier (decompression, stabilization, debridement) in any given patient? With the exception of the cervical spine, where a ventral approach usually is sufficient to address the disease, this explains the wide variety of surgical approaches used in our series.
Most patients improved significantly after surgery: besides improvement of their general condition (fever, infection parameters) neurological recovery was observed in most of them. At their last follow-up visit, 15 patients were independent; even one patient who had suffered a complete paraplegia (Case 2) was able to walk and to return to work. Four who were initially para-or tetraplegic did not recover, however. Two of them died of their disease, which underlines the need for earlier diagnosis. This is also in agreement with all of the literature cited in this article.
Side effects were mainly due to long-term antibiotic therapy and were sometimes severe. Therefore, future studies should focus especially on improvement of antibiotic regimens in such cases.
CONCLUSIONS
Summarizing our favorable results, surgical treatment is the method of choice in patients with acute spinal osteomyelitis. It is especially indicated in patients with progressive or severe neurological deficits and spinal deformity. In cases of epidural abscesses, even patients with a severe neurological deficit can make a full recovery. Surgery is safe in experienced hands and offers the advantages of spinal cord decompression, immediate mobilization, and correction of spinal deformity.
